BACKGROUND: Hepatitis B (HBV) represents a significant health disparity among medically underserved Asian and Hawaiian/Pacific Islander (API) populations. Studies evaluating adherence to HBV screening and vaccination guidelines in this population are limited. OBJECTIVE: The purpose of this study was to evaluate HBV screening and vaccination practices using both provider self-report and patient records. DESIGN: Medical records for 20,574 API adults were reviewed retrospectively and primary care providers were surveyed to evaluate rates and adherence to HBV screening and vaccination guidelines. PARTICIPANTS: The study included primary care providers and their adult API patients in the San Francisco safety-net healthcare system. MAIN MEASURES: Patient, practice, and provider factors, as well as HBV screening and vaccination practices, were assessed using provider survey constructs and patient laboratory and clinical data. Generalized linear mixed models and multivariate logistic regression analyses were used to identify factors associated with recommended HBV screening and vaccination. KEY RESULTS: The mean age of patients was 52 years, and 63.4 % of patients were female. Only 61.5 % underwent HBV testing, and 47.4 % of HBV-susceptible patients were vaccinated. Of 148 (44.8 %) responding providers, most were knowledgeable and had a favorable attitude towards screening, but 43.2 % were unfamiliar with HBV guidelines. HBV screening was positively associated with favorable provider attitude score (OR per unit 1.80, 95 % CI 1.18-2.74) and negatively associated with female patient sex (OR 0.82, 95 % CI 0.73-0.92), a higher number of clinic patients per week (OR per 20 patients 0.46, 95 % CI 0.28-0.76), and provider barrier score (OR per unit 0.45, 95 % CI 0.24-0.87). HBV vaccination was negatively associated with provider barrier score (OR per unit 0.48, 95 % CI 0.25-0.91).
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CONCLUSIONS:
Rates of HBV screening and vaccination of API patients in this safety-net system are suboptimal, and provider factors play a significant role. Efforts to cultivate positive attitudes among providers and expand healthcare system resources to reduce provider barriers to HBV care are warranted.
INTRODUCTION
Chronic hepatitis B virus (HBV) infection represents a significant public health burden in the United States, affecting more than 1.25 million individuals. 1 Asian and Hawaiian/Pacific Islanders (API) represent a particularly high-risk population, with reported prevalence rates of 10-15 %, and are estimated to account for over 40 % of chronic HBV cases in the U.S. 2 HBV is associated with increased morbidity and mortality; 15-40 % of patients will develop cirrhosis, liver failure, or hepatocellular carcinoma (HCC). 3 The recent U.S. Institute of Medicine report highlights the need for increasing efforts in the United States to screen for, prevent, and treat HBV infection. 4 To meet this goal, it is imperative that we have a better understanding of the complex interplay between patient, provider, and health system factors limiting preventive care and progress towards HBV eradication.
The 2009 American Association for the Study of Liver Diseases (AASLD) guidelines 1 on HBV screening and management incorporate the Centers for Disease Control and Prevention (CDC) 5 recommendations, but also identify additional HBV risk groups for screening. Both CDC and AASLD recommend screening immigrants from regions of intermediate to high prevalence of HBV, United States-born persons whose parents are from regions of high HBV endemicity, and persons with high-risk behaviors, among others. 1, 5 While the 2004 USPSTF statement recommended against HBV screening in asymptomatic non-pregnant adults, its recently published draft statement is now in line with screening high-risk groups as identified by AASLD guidelines. 6 The AASLD recommends testing with both HBsAg and anti-HBs to screen for HBV and identify those eligible for vaccination.
The San Francisco Bay Area offers a unique setting for evaluation of HBV screening and management practices, given its ethnic diversity and large API community with an estimated HBV prevalence of 8.9 %. 7 Further, given that up to 30 % of patients in the San Francisco safety-net healthcare system self-identify as API, 8 providers functioning within this system have high exposure to an at-risk population, and an understanding of practice patterns in this setting provides meaningful insight into the factors driving HBV-related healthcare disparities.
Although the procedure is cost-effective, 9-12 rates of HBV screening and vaccination among at-risk populations are inadequate, and adherence to guidelines for screening of at-risk persons is not well known. Limited studies based largely on provider self-report suggest suboptimal HBV screening and vaccination among API patients, with rates as low as 35-65 %. [13] [14] [15] [16] [17] However, provider self-reporting of clinical practice and preventive services is of limited reliability. 18 To our knowledge, there are no reports evaluating HBV screening and vaccination practices by both patient record review and provider self-report. Therefore, we aimed to perform a comprehensive assessment of HBV screening and vaccination practices within the San Francisco safety-net healthcare system using provider, practice, and patient data. Specifically, our aims were to 1) assess provider knowledge, attitudes, and barriers towards HBV screening and vaccination, and 2) evaluate rates of and adherence to HBV screening and vaccination guidelines.
METHODS

Provider Survey
Providers were surveyed at primary care clinics within the San Francisco Community Health Network (CHN) between July and December of 2010. The CHN is a safety-net system that provides care to over 150,000 patients per year, including uninsured residents in San Francisco. 8 This system comprises the San Francisco Department of Public Health (SFDPH), which includes a network of 15 primary care clinics and the San Francisco General Hospital (SFGH), an academic medical center that serves as an acute care and referral facility, as well as 11 primary care clinics affiliated with the San Francisco Community Clinic Consortium.
There are approximately 330 full-and part-time primary care providers (including attending physicians, residents, and nurse practitioners) within the system. The survey was sent to these providers by mail or electronic mail, and subsequent mailings to non-respondents were conducted after four weeks. Provider responses were de-identified for data analysis.
The survey instrument was developed by study investigators with input from experts in primary care, hepatology, and survey design, using a previously published related survey. 13 Content domains included provider and practice characteristics, HBV screening, vaccination, and management practices; familiarity with HBV management guidelines; HCC screening practices, including modalities used; and provider attitudes about and perceived barriers towards HBV care. The survey was pilot-tested with 20 physicians and then revised.
Review of Electronic Medical Records
At the time of survey administration, a review was conducted of electronic medical records (EMRs) for patients within the primary care electronic disease registry of the San Francisco safety net who were documented as being Asian or Hawaiian/ Pacific Islander. De-identified patient data were extracted, including patient demographics (age, sex, race/ethnicity, insurance status, clinic location), hepatitis screening and vaccination practices, and laboratory values. The electronic disease registry includes HBV serologic testing data collected since 1997. This study was approved by the UCSF Committee on Human Research.
Data Analysis
Provider-level Analysis. Data were summarized using mean ± SD, and characteristics of the providers and their practices are described using frequencies in Tables 1 and 2 . In order to assess overall provider knowledge, favorable attitudes, and barriers to HBV care, composite scores were calculated from responses to the questions designed to assess these factors. Specifically, the knowledge score was computed as the number of correct responses to 11 questions assessing knowledge (1 for correct, 0 for incorrect; max score 11). The attitude score was determined by summing the numerical codes assigned to responses to the seven questions designed to assess attitudes (1 for "agree" response, 0.5 for "unsure" response, and 0 for "disagree" response; max score 8). The barrier score was also determined by summing the numerical codes for the nine questions regarding perceived barriers in their practice (1 for "agree" response, 0.5 for "unsure" response, and 0 for "disagree" response; max score 9). Higher composite scores represent higher knowledge, favorable attitude, and greater barriers to HBV care. Table 3 reports percentage correct for each question and mean ± SD for the composite scores.
Patient-Level Analysis. The primary outcome variables were both binary and measured (and analyzed) at the patient level: 1) adherence to recommended HBV screening guidelines, defined as use of both HBsAg and anti-HBs tests, and 2) vaccination of HBV-susceptible patients (HBsAg-negative/ anti-HBs-negative). Vaccination was defined as documentation of receipt of at least one dose of hepatitis vaccine in the primary care electronic disease registry. Provider factors associated with recommended HBV screening and vaccination practices were summarized at the practice level to retain confidentiality by using percentage for binary predictors (e.g., percent male providers) or median for numeric variables (e.g., median provider age). Individual patient-level data were linked with summarized provider data by medical home practice to conduct generalized linear mixed-model logistic regression on individual patients and summarized provider factors associated with recommended HBV screening and vaccination practices (Table 4 ). This approach accommodates predictors measured at either the practice or patient level and clustering of patients within a practice. Predictors used in the multivariable models included those identified as important a priori (patient age and sex; provider age, sex, and Asian race; provider knowledge, attitude and barrier scores; and provider patient load), as well as those determined by univariate analysis to be statistically significant, with a p value <0.05 (twosided). All analyses were performed using Stata version 12.0 (StataCorp, College Station, TX).
RESULTS
HBV Screening and Vaccination Practices Based on Provider Self-Report
A total of 148 (44.8 %) providers responded to the survey. The proportion of providers from clinics with high HBV patient loads who responded was similar to those who did not respond (45.0 % vs. 44.0 %, respectively, p=0.42). The majority of providers were female, self-identified as Caucasian, were MDs, and were in clinical practice for 10 years or less (Table 1) . Nearly half served a patient panel comprising more than 25 % Asians, and 39.9 % reported a patient panel with greater than 50 % of patients having limited English proficiency.
One-third of providers reported HBV screening rates of greater than 75 % among their at-risk adult patient population (Table 2) . Nearly all providers performed HBsAg as part of HBV screening: 16.2 % ordered HBsAg alone, 38.5 % ordered both HBsAg and anti-HBs, and 40.5 % ordered HBsAg, anti-HBs, and anti-HBc. Only 20.9 % of providers reported vaccinating more than 75 % of their eligible patients against HBV. Nearly half (43.2 %) of the providers were not familiar with AASLD guidelines.
The majority of providers surveyed were aware that chronic HBV infection is often asymptomatic, that HBV vaccination can help decrease rates of hepatocellular carcinoma, and that uninfected household contacts of patients who are HBV carriers should be vaccinated against HBV (Table 3 ). The most common factors influencing the decision to screen for HBV Table 4) . To determine whether the negative association between female sex and HBV screening was age-dependent, given the recommendation of the National Perinatal Hepatitis B Prevention Program 19 to test all pregnant women for HBV infection, we further stratified HBV screening rates by childbearing age (<45 vs. ≥45 years of age). The negative association between female sex and HBV screening was more pronounced in the group of childbearing age (OR 0.71, 95 % CI 0.50-1.00, p=0.053) compared to the non-childbearingage group (OR 0.96, 95 % CI 0.78-1.17, p=0.67).
Patient and Provider Factors Associated with HBV Vaccination
On univariate analysis, once again male provider sex (OR 0.97, 95 % CI 0.95-0.99, p=0.003), higher provider barrier score (OR per unit 0.53, 95 %CI 0.33-0.85, p=0.009), and having a (Table 4) .
DISCUSSION
To our knowledge, this is the first study to supplement provider self-report with actual clinical data to assess patient, provider, and practice characteristics associated with HBV screening and vaccination within a large urban safety-net health care system. Our data show suboptimal rates of screening and vaccination in eligible patients. Providers demonstrated a high level of knowledge of appropriate HBV preventive practices. HBV screening was associated with provider attitude and perceived barrier scores as well as patient and practice factors, while provider barrier score was the only independent predictor of HBV vaccination. While CDC and AASLD guidelines recommend screening for HBV in high-risk groups, the USPSTF previously issued a "D" recommendation against HBV screening in the general population, and it is unclear how this discrepancy shapes national HBV screening and vaccination practices in the primary care setting. Our study shows that providers within this healthcare system had a high overall knowledge of HBV. This is likely due to a high proportion of APIs in provider practices, as well as an intensive citywide campaign (San Francisco Hep B Free) to increase awareness of HBV in this population. 20 Despite these efforts, rates of HBV screening and vaccination were suboptimal. Consistent with prior reports of HBV screening rates ranging from 35 % to 65 %, [13] [14] [15] [16] [17] our data show that only 43.6 % of API patients underwent appropriate HBV screening with both HBsAg and anti-HBs. Similar to prior estimates, 21 a high proportion (9.1 %) of APIs in the safety net were HBV-infected. Although the majority of providers used appropriate HBV screening tests, less than one-third screened the majority (>75 %) of their at-risk patients. In correlation with low rates of HBV vaccination based on EMR review, a significant proportion of providers did not report vaccinating the majority of their eligible patients. Importantly, about one-third of vaccinated patients were already HBV-immune. These findings suggest that provider education efforts should include a focus on appropriate vaccination practices, especially in resource-limited settings.
Overall, our findings suggest that HBV screening and vaccination are primarily influenced by provider attitudes and perceived barriers to HBV care. A favorable provider attitude was positively associated with HBV screening, and providers were motivated to perform screening tests if they were evidence-based and supported by national organization recommendations. Higher provider-perceived barriers, including concerns regarding access to specialty care and patient financial barriers, were negatively associated with HBV screening and vaccination. In addition, providers who saw a higher number of patients in clinic were less apt to screen for HBV, and this likely reflects the presence of competing priorities in high-volume clinical settings. These findings suggest that provider attitudes towards screening may be enhanced by increasing their familiarity with management guidelines, and efforts to promote greater HBV screening and vaccination should focus on improving the availability and awareness of health system resources for testing, specialty referral, and treatment. This may, in turn, allow providers to better navigate competing priorities that negatively affect delivery of HBV preventive care within the primary care setting.
We identified a significant association between patient sex and HBV screening. Given the presence of a national program for prevention of vertical HBV transmission, it would be anticipated that a higher percentage of females, particularly of childbearing age, would be screened for HBV. Although most prior studies have not shown an association between patient sex and HBV screening, 14, 21, 22 in one study, female sex was indeed associated with higher rates of HBV testing. 23 In our study, however, women were less likely to be screened than men, particularly among patients less than 45 years of age. The reasons for this are unclear, but these findings may highlight the need for further evaluation of HBV screening practices among women of childbearing age in this health system. Patient English fluency and having language-concordant providers are additional factors that have been associated with higher rates of screening. 24, 25 In this study, however, most providers did not identify patient language as an important barrier to HBV screening, and provider Asian language proficiency was not associated with HBV screening or appropriate administration of HBV vaccination. However, the number of providers with Asian language proficiency surveyed was low (<20 %), and this may have precluded a sufficient assessment of the influence of patient-provider language concordance.
The primary limitations of the study are its retrospective design and the 45 % provider response rate. Given that there was no significant difference in the proportion of provider survey responders versus non-responders from clinics with high or low HBV patient load, it is likely that survey responses are representative of the providers with variable experience in HBV care within this system. It is also well known that provider self-reporting tends to overestimate practice behavior. 26 The accompanying patient record evaluation provides additional insight into actual HBV preventive practices within this primary care setting. Patient country of birth was not available in the EMR. However, given that the mean age of API patients was 52 years, and that in approximately 60 % of practices, 50 % or more patients had limited English proficiency, it is likely that the majority of API patients in this safety-net population were immigrants or children of immigrants. Finally, generalizability of our findings to other clinical settings may be limited. However, given that the majority of individuals at risk for HBV are from immigrant populations with limited health care access, an understanding of the deficiencies and an improvement in HBV preventive services within a safety-net health care system that predominantly serves this population is likely to have a significant impact on reducing HBV-related health disparities.
In summary, we have confirmed suboptimal HBV screening and vaccination rates among an at-risk API population using a comprehensive approach that utilizes both provider self-report and objective patient data. Cultivating positive attitudes towards HBV care among providers by aligning and reinforcing national guidelines may help to promote improved screening and vaccination practices. Efforts to promote HBV screening and vaccination should also focus on system changes that streamline testing, specialty referral, and HBV treatment in order to overcome perceived barriers to HBV care. This study also identified an association with patient sex that supports the need for further research in order to understand potential gaps in HBV screening among API women, especially those of childbearing age. The approach utilized in this study to evaluate HBV preventive services can be applied in other healthcare settings to guide quality improvement initiatives.
